Difficulties in endotracheal intubation increase morbidity and mortality in intensive care patients. We studied the problem in surgical intensive care patients with the aim of risk reduction. Patients intubated in the intensive care unit were evaluated. The intubations were performed or supervised by anaesthetists following the algorithm valid at the time of the study. Fifty percent of the 198 intubations were performed by specialist anaesthetists, 41.5% by anaesthesia trainees and 8.5% by surgical trainees. The initial attempt was by direct laryngoscopy (n=173), flexible fibrescope (n=8) or blind nasal technique (n=17). When direct laryngoscopy failed (n=7), intubation was accomplished with an intubating laryngeal mask airway (n=5), Frova stylet (n=1) or fibrescope (n=1). Thirty percent were rated as easy, 47% as moderately easy and 23% as difficult. Difficult intubations were associated with a higher incidence of anatomic anomalies, difficult bag-mask ventilation and severe oxygen desaturation. Every intubation in the ICU setting should be considered potentially difficult. The existing algorithm should be modified to incorporate the American Society of Anesthesiologists difficult airway algorithm adapted to the needs of the intensive care unit. A training program for alternative methods of airway management for difficult intubations should be established.
Airway management is an important issue for intensive care unit (ICU) physicians since ICU patients are critically ill and often require tracheal intubation as an emergency measure. The likelihood of a difficult intubation is significantly higher in the ICU setting than in the operating room [1] [2] [3] [4] and this can increase patient morbidity and mortality. To date, no studies explicitly address the incidence of difficult intubations in the ICU. The existing studies include a large proportion of patients not intubated in the ICU but on the ward, in the emergency room or elsewhere. These were perhaps emergency patients but not intensive care patients, and particularly not postoperative or trauma patients who present a completely different spectrum of problems. Jaber et al described that 28% of all intubations in the ICU were associated with severe complications with an overall percentage of 12% difficult intubations 1 . Schwartz et al found intubation to be difficult in nearly 8% and Le Tacon et al in 22 .5% of their intensive care patients 2, 3 . On the other hand, a recently published study by Griesdale described an incidence of difficult intubations of only 6.6% 5 .
Since the published data are inconclusive and the studies themselves not easily compared due to differences in the study design, we re-evaluated the problem and determined the underlying causes of difficult intubations in the ICU when performed by experienced physicians trained in advanced airway management techniques.
METHODS
The study was conducted in the intensive care units of the University of Göttingen Medical School Hospital, which are managed by the Department of Anesthesiology, after approval by the university's human studies review board. The units have a total of 42 beds for postoperative (including cardiac and neurosurgery) and emergency trauma patients. They are staffed by specialist anaesthetists and anaesthesia trainees, as well as two surgical trainees during their intensive care rotation. Anaesthesia trainees had at least two years of training in clinical anaesthesia with training in advanced airway management. Surgical trainees also had at least two years of medical training with only little training in airway management.
All patients in the units requiring intubation in the ICU after admission during the period from August 2007 to August 2008 were included in the study. A questionnaire describing the course of the intubation was filled out after each intubation by the physician initiating endotracheal intubation ( Table 1) . Physiological data (heart rate, mean arterial pressure, oxygen saturation and total fluid balance) were recorded and confirmed by crosschecking against the computerised patient data management system. Total duration of ICU stay, time from admission until intubation, fluid balance from admission to time of intubation, indication for intubation, Simplified Acute Physiology Score II 6 , presumed reasons for difficulties (e.g. inadequate sedation, poor positioning), the physicians' free text records and the ultimate endpoint of death or discharge from ICU were analysed.
Patients were classified by the physicians with regard to ease of intubation (Table 1) . Patients in the easy to intubate group had a Cormack-Lehane score of I during direct laryngoscopy with or without manipulation of the larynx and easy tube insertion. Intubation was defined as moderately easy (moderately easy to intubate group) if the laryngeal view was Cormack-Lehane grade II and could not be improved either with corrective manoeuvres 7 or by repositioning the patient, but had an otherwise uneventful tube insertion. An intubation was defined as difficult (difficult to intubate group) if one or several of the following criteria were fulfilled: more than three attempts were required to insert the tube; it took longer than 10 minutes to insert the tube; the criteria of the American Society of Anesthesiologists for a difficult airway 8 ; or the laryngeal view was Cormack-Lehane grade III or IV 9 and could not be improved to a Cormack-Lehane grade II.
Primary blind nasal insertion of the tube was classified as easy if the tube entered the trachea on the first attempt and classified as moderately easy if the head had to be repositioned or if two or three attempts were necessary.
Fibreoptic intubations were defined as easy if all laryngeal structures were visible and tube insertion was successful on the first attempt. It was classified as moderately easy if a second attempt was necessary and as difficult if three or more attempts were needed or if it took longer than 10 minutes. Blind nasal intubation was classified as difficult if more than five attempts were necessary or if the procedure failed.
The airway management equipment used on patients in the study were Macintosh laryngoscope blades, sizes 3, 4 and 5 (Karl Storz GmbH & Co. KG, Tuttlingen, Germany), flexible fibrescopes (Karl Storz GmbH & Co. KG, Tuttlingen, Germany), intubating laryngeal masks (ILMA, LMA Deutschland GmbH, Bonn, Germany) and Frova ® intubating stylets (Cook Critical Care, Bloomington, IN, USA).
The algorithm for tracheal intubation in the ICU that was valid during the study period proscribed an initial attempt with direct laryngoscopy, except in patients with severe haemodynamic instability or expected difficult intubation, in whom a fibrescope or blind nasal technique was to be employed. The algorithm required the initial attempts at intubation to be performed without the use of muscle relaxants. Succinylcholine or rocuronium were only to be used if it was thought that increased muscle tone contributed to the intubation difficulties. Etomidate (0.2 to 0.3 mg/kg body weight) or propofol (1.5 to 2 mg/kg body weight) were recommended as hypnotic drugs in unsedated patients or in those with insufficient depth of sedation. The first intubation attempt was to be performed by the physician responsible for the respective patient. The senior anaesthetist was to take over if the second intubation attempt failed. The questionnaire was filled out by the physician who initially tried to intubate the patient and therefore reflected his assessment of the intubation difficulty and not that of the senior colleague.
STATISTICAL ANALYSIS
Analyses between groups were performed with contingency tables (Fisher's exact test or chi-squared test) and either t-test or Mann-Whitney rank sum test (Statistica 8.0, StatSoft (Euorpe) GmbH, Hamburg, Germany).
RESULTS
One hundred and ninety-eight patients required intubation in the ICU during the study period. Demographic data are shown in Table 2 . Anaesthesiology trainees performed 41.5% of the intubations, 8.5% were performed by surgical trainees and 50% by a specialist anaesthetist.
Intubation was graded as easy in 30% (60 patients) of the patients, as moderately easy in 47% (92 patients) and as difficult in 23% (46 patients) ( Figure 1 ). Of the 198 intubations, 173 were performed by conventional laryngoscopy, eight were performed with a flexible fibrescope and 17 were with the blind nasal technique (Figure 1 ). All blind nasal and fibreoptic intubations were performed by specialist anaesthetists during spontaneous breathing. Seven patients (3.5%) could not be intubated by direct laryngoscopy, but intubation was successful in five patients using an intubating laryngeal mask airway, and in one each with a Frova stylet and a flexible fibrescope. In one patient the initial attempt at blind nasal intubation failed, but conventional laryngoscopy and intubation were uneventful. All patients in whom the initial intubation attempts failed were ultimately successfully intubated without sequelae.
Seventeen patients were intubated (direct laryngoscopy) by surgical trainees under 'anaesthesia' supervision. Excluding these patients from the evaluation did not significantly change the results: 31% (56 patients) of the patients were graded as easy, 45% (82 patients) moderately easy and 24% (43 patients) difficult to intubate (Figure 1 ). Of the 156 conventional endotracheal intubations (direct laryngoscopy) performed by anaesthetists, 32% were graded as easy, 43% moderately easy and 25% difficult. Of the eight awake fibreoptic intubations, five were moderately easy and three difficult; of the 16 successfully performed blind nasal intubations, six were easy and 10 moderately easy.
Pulmonary complications were the most common indication for intubation followed by cardiovascular deterioration. There was no correlation between the indication and the ease of intubation.
The physicians did not expect a difficult intubation by direct laryngoscopy in 98% of the patients who proved easy to intubate and in 91% of those moderately easy. However, the predication accuracy was poor in patients with difficult intubations; a difficult intubation was accurately predicted in only 24% of the patients who proved difficult to intubate. Specialist anaesthetists were more likely to expect a difficult intubation (35%) than anaesthesia trainees (14%; P <0.05). There was no difference between specialists and trainees in the other two categories.
Haemoglobin oxygen desaturation was more pronounced in patients who were difficult to intubate: the lowest observed oxygen saturation (S a O 2 ) was 80% in the difficult group compared to 87% in both the moderately easy and easy groups (P <0.05, Table 3 ). Haemodynamic responses were similar in all groups. Anatomical anomalies were significantly more frequent in patients who were difficult to intubate ( Table 4 ). The incidence of difficult intubation was not related to the time of day at which the intubation was performed.
Bag-mask ventilation was required to treat oxygen desaturation more often (71%) and was more difficult (29%) in patients who were difficult to intubatecompared to those who were graded easy (54 and 14% respectively) or moderately easy (53 and 4% respectively) (P <0.05). Anaesthesia trainees had to employ bag-mask ventilation more often than specialists (40% vs 17%, P <0.05).
The overall net fluid balance was positive in all patients prior to intubation. The net fluid gain was less in the patients who were difficult to intubate (P <0.05), making pharyngeal and hypopharyngeal tissue oedema an unlikely reason for the difficulties.
Thirty-seven patients required intubation on more than one occasion, five on more than two occasions, and two patients more than three times. The reintubation tended to be easier than the first intubation in the ICU, indicating that the airway did not worsen during the ICU stay.
Intubation was performed as an emergency measure in more than half of the patients who proved to be difficult to intubate (52%), while it was an elective measure in 70% of the easy to intubate group.
Patients who had to be intubated or reintubated in the ICU had a mortality rate of 26%, while the overall mortality rate for all 3930 patients treated in the ICU during the study period was only 7% (P <0.05). The mortality rate of the 2111 patients who were invasively ventilated in the ICU but did not require intubation or reintubation on the ICU was 10%. The median Simplified Acute Physiology Score II value for all intubated patients in the ICU was 46 (33/59 [25%/75% quartile]) corresponding to an overall predicted mortality of 37% (Table 2 ).
DISCUSSION
To our knowledge this is the first study of the incidence of difficult intubation in intensive care patients, in which all intubations were actually performed in the ICU and all were performed (91.5%) or supervised (8.5%) by specialist anaesthetists.
Intubation in the ICU is more difficult than in the operating room 10 . This was analysed in more detail to define the problems and to devise improvements that could be implemented in ICU guidelines on airway management.
Intubation was graded as difficult in 23% of the patients, even though the majority were performed by physicians with special training in airway management. Patients with a difficult intubation more frequently had orofacial anomalies and required intubation at an earlier time after admission. The net fluid balance of these patients at the time of intubation was positive but less so than in the patients of the other groups. It is therefore unlikely that soft tissue oedema was the reason for the difficult intubation. Specialist anaesthetists predicted a difficult intubation somewhat more accurately than trainees, but the error rate was still high. The necessity of bag-mask ventilation was associated with perceived difficult intubation, and was thus used more frequently by trainees.
Results similar to ours were described by le Tacon et al, in which difficulties were experienced in 22.5% of the 80 intubations performed in the ICU 3 , while all other studies showed a lower rate 1, 2, 5 . The most recent study in 136 patients described an incidence of difficult intubation of only 6.6% 5 . An important detail of the latter study is that in 22% of all intubations, the initial attempt at intubation was performed by the most experienced physicians using a fibrescope or a Glidescope ® (Verathon Medical, Rennerod, Germany). This is likely to have lowered the incidence of difficult intubation [11] [12] [13] , but it must also be mentioned that in this study more than 70% of all patients were given muscle relaxants for the intubation, a measure that probably influenced the results as well. In addition, oesophageal intubation occurred in 10 patients of the study population (7.4%), eight patients (5.9%) suffered a pulmonary aspiration and 19.1% of the patients developed severe hypoxaemia. The reported low incidence of difficult intubation is therefore a matter of debate and definition. Schwartz et al reported an oesophageal intubation rate of 8% with an 8% overall rate of difficult intubation. We believe that a strict differentiation between a difficult intubation and a difficult airway is not a valid approach in intensive care patients, as it may lead to an underestimation of the true incidence of difficult airway situations. A definition more reliable than the 'difficult intubation' definition is needed.
A further aspect that should be considered is the location and the type of patients included. The study by Schwarz et al did not include trauma patients and included patients on the wards and in the emergency room. Griesdale et al reported that over 40% of the intubations were not performed in the ICU 5 . This inconsistency of study conditions and the exclusion of acute trauma patients might explain the differing results.
In our study, 18 intubations were performed by surgical trainees with little airway management experience. However, the high rate of difficult intubations remained even after these patients were removed from data analysis.
The high rate of difficult intubation in our study might also have been influenced by the restricted use of hypnotics and muscle relaxants ( Table 5 ). In other studies, neuromuscular blocking agents were used in 73 5 and 80% 2 of the patients respectively, but were used in only in 25% of the patients in our study, and only after difficulties had arisen. An insufficiently sedated patient with sustained muscle tone is more difficult to intubate 14 . Twenty percent of the physicians rated the level of sedation as insufficient. The reason given for not using hypnotics was haemodynamic instability. Le Tacon et al did not routinely use muscle relaxants and had results similar to ours 3 . Their total incidence of difficult intubation was 22.5%, but analysis of patient subgroups showed a much lower incidence with rapid sequence induction with relaxation. This illustrates the importance of a standard pharmacological protocol for intubation in the ICU. Neuromuscular blocking agents are used infrequently in our institution because of the side-effects of succinylcholine in intensive care patients 15, 16 . The introduction of sugammadex into clinical practice allows the use of high doses of rocuronium for rapid relaxation even in patients with suspected difficult airway, since the neuromuscular block is rapidly reversible 17 . Because muscle tone does seem to negatively affect intubation success, our algorithm now includes the explicit recommendation to use muscle relaxants, preferably rocuronium with sugammadex available.
Other factors contributing to difficulties in intubating in the ICU setting are, for example, the suboptimal head position of the patient in bed, the confined space at the head of the bed and the fact that intensive care physicians have fewer opportunities to maintain their intubation skills.
A high percentage of the difficult intubations were not expected and thus not anticipated. Being able to manage a difficult airway is important but it is equally import to be prepared. Most scoring systems, such as Mallampati or Patil are neither sensitive nor specific 18, 19 , nor can they be used in most intensive care patients. The acronymal LEMON method (Look, Evaluate, Mallampati, Obstruction and Neck mobility) 20 has been proposed but is of limited utility, since it also requires patient co-operation. Reed et al 21 found that only the items large incisors, inter-incisor distance, and thyroid-hyoid distance correlated significantly with difficult intubation and could be used in intensive care patients. Careful documentation of previous intubation difficulties, for example in the operating room, is a further prerequisite.
Our results show that alternative methods to secure the airway are very successful and should be included in the training program for ICU physicians. It has been shown for example, that ventilation and intubation are nearly always possible with an ILMA in a prehospital setting after failed tracheal intubation attempts 22, 23 and that inexperienced personnel have a higher success rate of adequate ventilation and tube placement with the ILMA 24 . Another study showed that even in an expected difficult intubation, the ILMA had a high potential to secure the airway 25 . However a disadvantage of the ILMA is the special silicone rubber tube that has a narrower inner diameter and requires a significantly higher cuff pressure than regular tubes 26 . The video laryngoscope is a new instrument that can be helpful in a difficult to intubate situation in the ICU 27, 28 . It would be prudent to have these instruments immediately available and perhaps use them for the initial attempts whenever a difficult intubation was expected.
Fibreoptic intubation is a technique with a high success rate in skilled hands. The fact that the procedure was graded difficult in three of the eight patients might reflect a truly difficult airway but might also indicate that the technique should be given particular attention in the training program for intensive care physicians.
Blind nasal intubation is not routinely taught in our institution, but individual physicians proficient with the method preferred it in spontaneously breathing patients. For those experienced with the technique, its use should be considered in the event of an unexpected difficult intubation when other devices are not immediately available. Sixteen of the 17 blind nasal attempts were successful in our patient series. Schwartz et al described 15 blind nasal intubations performed in expected difficult airways with a success rate of 67% 2 . Although prolonged nasal intubation in not advised in ICU patients due to the associated long-term complications 29, 30 , these objections are irrelevant in an emergency.
Limitation of the studies
Since the questionnaires were anonymous it was not possible to obtain further details from the participating physicians. Assessment of the airway and perceived difficulties in intubation are subjective. A video laryngoscope would have allowed the view and the degree of difficulty to be assessed by several persons, but this was not available during the study period.
CONCLUSIONS
The incidence of difficult intubation in the ICU is high. Results vary based on study protocols and interpretation of airway situations. Our guidelines and algorithms for airway management require a revision, prescribing the routine use of muscle relaxants and hypnotics. Advanced airway management equipment should be immediately available for all intubations, and ICU physicians should be trained in its use.
